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http://dx.doi.org/10.1016/j.pedneo.2
1875-9572/Copyrightª 2016, Taiwan P
NC-ND license (http://creativecommoWithout appropriate nutritional support, preterm infants fail to grow after birth and have
malnutrition. The main reason for delayed feeding is fear of immaturity of gastrointestinal
function. The principles of nutritional practice should be as follows: (1) minimal early initiation
of enteral feeding with breast milk (0.5e1 mL/h) to start on Day 1 if possible and gradual in-
crease as tolerated; (2) early aggressive parenteral nutrition as soon as possible; (3) provision
of lipids at rates that will meet the additional energy needs of about 2e3 g/kg/d; and (4)
attempt to increase enteral feeding rather than parenteral nutrition.
Copyright ª 2016, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Problems of nutrition in ill preterm infants
Most preterm neonates fail to grow after birth, and they are
often affected by respiratory distress and immaturity.
Malnutrition may occur without appropriate nutritional
support.1 Preterm infants do not usually fully catch up to
normal rates of growth, and it takes a mean of 14e17 days
to regain birth weight in infants of <1000 g at birth.2,3 Very-
low-birth-weight infants are characterized by significant
weight loss in the initial days and weeks because oft of Pharmacy, Wan Fang
mber 111, Hsing Long Road,
u.tw (Y.-H. Yen).
015.10.006
ediatric Association. Published by
ns.org/licenses/by-nc-nd/4.0/).catabolic illness and insufficient protein energy supply.4
The most common reason is that mechanical ventilation
and high oxygen concentrations cause pulmonary and sys-
temic inflammatory processes.5 In the traditional nutrition
model, for preterm neonates with respiratory distress syn-
drome, enteral nutrition and parenteral nutrition (PN) were
often delayed. The reasons for the preterm neonates to
have delayed feeding are fear of (1) respiratory distress
syndrome and mechanical ventilation, (2) immaturity of
gastrointestinal function, (3) systemic hypoxia, (4) cata-
bolic stage, and (5) necrotizing enterocolitis (NEC; Table 1).
Consequently, enteral feeding may be delayed for several
days, partly because of gastrointestinal immaturity to
digest and absorb the complex nutrients in preterm
neonates.6,7 Often, intravenous (IV) amino acids are not
given immediately after birth, and when provided they areElsevier Taiwan LLC. This is an open access article under the CC BY-
Table 1 Frequent reasons for delayed feeding of preterm infants.
Type of delayed feeding Reason for delayed feeding Source of fear
Enteral feeding Abdominal distension NEC
GER Apnea
Hyperglycemia &/or rebound hypoglycemia Poor metabolism & infections
Low SPO2 Slow metabolism of nutrients
On CPAP Air entering the stomach
On ventilator Slow digestion & absorption
Parenteral nutrition UA &/or UV catheters Gut ischemia & NEC
High BUN Urea & amino acid toxicity
Hypo or hyperkalemia Interfere with poor gut function
Lipid emulsion High bilirubin Interfere with bilirubin binding
Hyperlipidemia Accumulation in reticuloendothelial
system & in lungs
BUN Z blood urea nitrogen; CPAP Z continuous positive airway pressure; GER Z gastroesophageal reflux; NEC Z necrotizing
enterocolitis; SPO2 Z saturation of peripheral oxygen; UA Z umbilical artery; UV Z umbilical vein.
Note. From “Aggressive nutrition of the very low birthweight infant,” by E.E. Ziegler, P.J. Thureen, and S.J. Carlson, 2002, Clin Peri-
natol, 29, p. 225e44. Copyright 2002, Elsevier Inc. Reproduced with permission.
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<3 g/kg/d, and then it is increased slowly, taking several
days to reach an appropriate amount.
2. Early initiation and gradual advancement of
enteral feeding
How early should enteral feeding be given? Should it com-
merce within the first 24 hours or 48 hours? Early feeding
within the first 24 hours after birth can induce the release
of trophic endogenous agents and inhibit the effects of
inflammatory mediators and cytokines released in critically
ill children.8,9 The first option is early minimal enteral
feeding after birth, namely, trophic or priming feeding.
Early and gradual advancement of enteral feeding can
promote release of gastrin and then full breast-feeding can
be achieved.10 Early feeding can help develop intestinal
villi and activate enzymes, improving digestion, absorption,
and motility. Early feeding can also help develop gut
microbiota, thereby preventing infection and NEC, and it
can also help reduce local and systemic inflammation.11,12
Human milk is preferred in feeding, particularly for pre-
term and sick infants. If the mother’s breast milk is insuf-
ficient, donor breast milk from the milk bank may be used.
Preterm infants should receive breast milk as soon as
possible after birth. Breast milk consumption can stimulate
the release of endocrine and metabolic factors such as
gastrin, enteroglucagon, motilin, neurotensin, gastro-
inhibiting peptide, and pancreatic polypeptide. Using
breast milk with the growth of Bifidobacteriae and Lacto-
bacillus strains can help gastrointestinal absorption and
motility.13 The fat content of breast milk is important to
infant development when it comes to the omega-3 fatty
acid docosahexaenoic acid, and the omega-6 fatty acid
metabolite arachidonic acid, which are both concentrated
in the infant brain during the last trimester and in the 1st
year of life.14 The omega-3 fatty acid is alpha-linoleic acid
from the production of essential long-chain poly-
unsaturated fatty acids, docosahexaenoic acids, and
arachidonic acids. Omega-3 fatty acids play an importantrole in retinal and neurologic development.15 The use of
human milk fortifier (HMF) helps to meet the high nutri-
tional requirements of the human milk-fed premature in-
fant.16 Some studies have shown that the addition of HMF is
associated with short-term improvements in weight,
height, bone mineralization, neurologic outcome, and head
growth.17e21 However, HMF showed an increase in osmo-
larity of breast milk.22 Some studies showed that the
addition of HMF temporarily delayed gastric emptying and
caused a short-term increase in gastric residuals and
emesis.21,23e25 Another study showed increased infections
and NEC in infants who were fed fortifier versus nonfortifier
human milk.26
The American Society for Parenteral and Enteral Nutri-
tion suggested in 2009 that extremely-low-birth-weight and
very-low-birth-weight infants might benefit from minimal
enteral feeding, stating very slowly at 0.5e1 mL/kg/d and
increasing to 20 mL/kg/d.27 Feeding volumes are to be kept
low regardless of the size of gastric residuals, and are then
gradually increased when gastric emptying is improved.28 In
summary, small amounts of enteral feeding through naso-
gastric tube to supplement PN are given as early as the 1st
day of life at birth in preterm infants.3. Early aggressive PN
In the past 20 years, the practice in PN is to gradually in-
crease the amount of amino acid intake and to shorten the
time after birth to start parenteral alimentation.29 A pre-
term neonate without a supply of protein may have an
endogenous protein loss of 0.5e1.0 g/kg/d.30 Giving amino
acids during the first hours of life with a goal of reaching
fetal nutrient delivery rates as soon as possible is a
cornerstone of this strategy. This strategy is the key to
avoid the period of early neonatal malnutrition. Plasma
amino acids fall within hours although hepatic enzyme ac-
tivity is low.30 Amino acids are important in the synthesis of
insulin, insulin-like factors, and other growth-related hor-
mones.31,32 Earlier undernutrition can reduce the produc-
tion of serum insulin-like growth factor-1. Low serum
Nutrition in Preterm Infants 367postnatal insulin-like growth factor-1 concentrations in
preterm infants after birth were associated with slower
rate of head circumference growth.33,34 Early amino acids
can stimulate endogenous insulin secretion, forestalling
starvation response to improve glucose tolerance and to
prevent hyperglycemia, hyperkalemia, and insulin
requirement.30,35 Several controlled studies have shown
the efficacy and safety of amino acids when initiated within
the first 24 hours of life.36e38
Recent studies have attempted to provide more nutri-
ents to preterm infants and low-birth-weight infants, sug-
gesting that when providing protein and amino acid
nutrition directly, dosage may be increased from 0 g/kg/
d to 4 g/kg/d. Earlier and higher rates of IV amino acid
administration were given immediately after birth for
preterm infants.29,39 Preterm infants of different gesta-
tional ages who were given appropriate protein re-
quirements achieved standard anthropometric indices
sooner (Table 2).40,41 However, one study showed that high
levels of some amino acids and blood urea nitrogen were
found in infants who were fed aggressively compared with
those whose feeding progressed at a more gradual pace. No
difference in growth during hospitalization was found be-
tween these groups. Neurodevelopmental outcomes were
found to be lower at 2 years, although the study that re-
ported this finding was insufficiently statistically
powered.42
The optimum dose of amino acids for individual pre-
term infants needs to be determined. Low plasma con-
centrations of threonine, lysine, leucine, and arginine in
preterm infants receiving total PN (TPN) have been asso-
ciated with hyperammonemia, NEC, hyperglycemia, and
increased respiratory morbidity.43,44 Most TPN solutions
were also deficient in glutamine, which is important for
reducing inflammation and promoting growth and neuro-
logical development; however, this study did not show any
extra benefit of adding glutamine.45 Another study showed
that positive protein balance in more aggressively fed
preterm infants was safe and effective and that it was not
associated with hyperammonemia and metabolic
acidosis.46 Our concern is that increased blood ureaTable 2 Recommended protein intake and protein/energy ratio
mass growth rates.
Without need for ca
26e30 wk PCA
16e18 g/kg/d LBM growth 3.8e4.2 g/kg/d
14% protein retention PER  3.0
30e36 wk PCA
14e15 g/kg/d LBM growth 3.4e3.6 g/kg/d
15% protein retention PER  2.8
36e40 wk PCA
13 g/kg/d LBM growth 2.8e3.2 g/kg/d
17% protein retention PER  2.4e2.6
LBM Z lean body mass; PCA Z postconceptional age; PER Z protein
Note. From “Aggressive nutrition of the very low birthweight infant,”
natol, 29, p. 225e44. Copyright 2002, Elsevier Inc. “Aggressive nutritio
p. 229e39. Copyright 2013, Springer Inc. Reproduced with permissionnitrogen level is a sign of amino acid oxidation, which
releases ammonia despite the fact that the liver is intact
and healthy.
Providing aggressive PN is very important in the 1st day of
life for preterm infants. Although an intake of 50 kcal/kg/
d may be sufficient to match ongoing expenditure, it does
not meet additional requirements of growth. The ideal
energy intake was 120 kcal/kg/d, or higher in the case of
infants with chronic lung disease.47,48 As shown in Table 3,
after the 1st day, calories should be increased gradually
until the optimal caloric requirement is reached.4. Early introduction of IV lipid emulsion
Lipids are important components of PN to meet the re-
quirements for essential fatty acid (EFA) and high energy in
the preterm infant. Preterm infants have limited endoge-
nous lipid stores.49 Parenteral lipids are an attractive
source of nutrition in critically ill infants because of their
characteristics of high energy40 and isotonicity.50 The lipids
suitable for administration through a peripheral vein cause
no significant increase in fluid load. Even a short delay of
3e7 days in supplying lipids to preterm infants can lead to
biochemical EFA deficiency.51 Pre- and postnatal EFA defi-
ciency can reduce body and brain weights,52 resulting in
impaired neuronal development and function.53 Introducing
as little as 0.5e1 g/kg/d lipid infusion can prevent EFA
deficiency.54 The American Academy of Pediatrics recom-
mended early initiation of lipids on the 1st day or 2nd day of
life at a low dose of 0.5e1 g/kg/d, gradually increasing to
3e3.5 g/kg/d, and with slow infusion over a 20- to 24-hour
period.52 However, clearance of EFA is slower in preterm
infants and IV lipid emulsion intake may result in elevated
EFA. The elevated EFA concentration may displace bilirubin
from albumin-binding sites, increasing free or unbound
bilirubin concentration. The free or unbound bilirubin can
cross the bloodebrain barrier to cause brain injury and
neutrotoxicity.55,56 Infants with bilirubin of 8e10 mg/dL
and albumin of 2.5e3 g/dL can safely receive IV lipid
emulsion of 0.5e1 g/kg/d.56s for preterm infants, to meet normal human fetal lean body
Recommended protein intake & PER
tch-up growth With need for catch-up growth
4.4 g/kg/d
PER  3.0
3.6e4.0 g/kg/d
PER  3.0
3.0e3.4 g/kg/d
PER  2.6e2.8
/energy ratios.
by E.E. Ziegler, P.J. Thureen, and S.J. Carlson, 2002, Clin Peri-
n of the preterm infant,” by W.W. Hay, 2013, Curr Pediatr Rep, 1,
.
Table 5 Daily oral or enteral recommended daily allo-
wances (RDAs) for infants.
Fat-soluble vitamins
Vitamin A 400 mg*
Vitamin D 10 mg
Vitamin E 4 mg
Vitamin K 2 mg
Water-soluble vitamins
Vitamin B1 (thiamine) 0.2 mg
Vitamin B2 (riboflavin) 0.3 mg
Vitamin B3 (niacin) 2 mg
Vitamin B5 (pantothenic acid) 1.7 mg
Vitamin B6 (pyridoxine) 0.1 mg
Vitamin B12 (cyanocobalamin) 0.4 mg
Vitamin C (ascorbic acid) 40 mg
Folate 65 mg
Biotin 5 mg
Choline 125 mg
Trace elements
Copper 200 mg
Table 3 Protein and energy requirements of preterm infants.
Body weight (g) Enteral feeding Parenteral nutrition
Protein (g/kg/d) Energy (kcal/kg/d) Protein (g/kg/d) Energy (kcal/kg/d)
500e700 4.0 105 3.5 89
700e900 4.0 118 3.5 92
900e1200 4.0 119 3.5 101
1200e1500 3.9 127 3.4 108
1500e1800 3.6 128 3.2 109
1800e2200 3.4 131 3.0 111
Note. From “Protein requirements of very low birth weight infants,” by E.E. Ziegler, 2007, J Pediatr Gastroenterol Nutr, 45, p. s170e4.
Copyright 2007, Lippincott Williams & Wikins Inc. Reproduced with permission.
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During the 1st week of life, electrolyte needs are relatively
low because of the free water diuresis. The electrolyte
requirements in the initial diuresis phase and in the
growing phase are shown in Table 4.57 Providing calcium
and phosphorus through PN is a challenge because of
limited solubility. A calcium/phosphorus ratio of 1.7:1 is
the optimal ratio for bone mineralization.58 The electro-
lyte requirements in preterm infants on PN are shown in
Table 4.
Infants require both water- and fat-soluble vitamins for
growth and development. Water-soluble vitamins are not
stored in significant amounts in preterm infants. Preterm
infants have low body stores of fat-soluble vitamins at birth
because of the limited transfer of lipid-soluble substrate
across the placenta. Therefore, providing water- and fat-
soluble vitamins in the PN is very important. However, the
actual vitamin requirements in preterm infants have not
been precisely determined.57 The daily oral or enteral
recommended daily allowances for infants, as suggested by
the American Society for Parenteral and Enteral Nutrition in
2012, are shown in Table 5.59
Trace elements are essential for normal enzymatic
function throughout the body. Insufficient intake of essen-
tial trace elements retards growth, causes anemia, in-
fluences the immune system, and impairs organ function in
preterm infants.60 The minimum daily requirements of
trace elements in diet are shown in Table 5.59Table 4 Electrolyte requirements in preterm infants on
parenteral nutrition.
Sodium
Initial diuresis phase 0e3 mmol/kg/d
Growing phase 3e5 mmol/kg/d
Potassium
Initial diuresis phase 0e2 mmol/kg/d
Growing phase 2e3 mmol/kg/d
Calcium 60e90 mg/kg/d
Phosphorus 40e70 mg/kg/d
Note. From “Nutritional requirements and parenteral nutrition
in preterm infants,” by S. Velaphi, 2011, S Afr J Clin Nutr, 24, p.
S27e31. Copyright 2011, Medpharm Publications Ltd. Repro-
duced with permission.6. Conclusion
Growth failure among preterm infants includes brain
growth and neurodevelopment. In summary, the principles
of nutritional practice should include (1) early initiation of
enteral feeding with breast milk 0.5e1 mL/h to start withChromium 0.2 mg
Fluoride 0.01 mg
Iodine 110 mg
Iron 0.27 mg
Manganese 0.003 mg
Molybdenum 2 mg
Selenium 15 mg
Zinc 2 mg
*1 mg RAE (retinol activity equivalent)Z 1 mg retinolZ 12 mg b-
carotene Z 24 mg a-carotene or b-cryptoxanthin; 1 IU
retinol Z 0.3 mg retinol or 0.3 mg RAE.
Note. From “ASPEN position paper recommendations for
changes in commercially available parenteral multivitamin and
multi-trace element products,” by V.W. Vanek, P. Borum, and
A. Buchman, 2012, Nutr Clin Pract, 27, p. 440e91. Copyright
2012, American Society for Parenteral and Enteral Nutrition.
Reproduced with permission.
Table 6 Recommendations on nutritional management for preterm infants.
Intervention time Form of intervention Principles
Enteral feeding As early as possible Stating very slowly at
0.5e1 mL/kg/d & advancing
to 20 mL/kg/d
Minimal early initiation with breast milk
or donors’ breast milk
Parenteral
nutrition
As soon as possible in
the first hours of life
Highly first dose amino acid
infusion at 3e4 g/kg/d
Early aggressive
Lipid emulsion Early introduction 0.5e1 g/kg/d & gradually
increasing to 2e3 g/kg/d
0.5e1 g/kg/d while bilirubin of 8e10 mg/dL
& albumin of 0.5e3 g/dL
Practice guide To increase enteral feeding rather than
parenteral nutrition
Nutrition in Preterm Infants 369and gradual advance as tolerated, (2) early aggressive PN as
soon as possible, (3) early introduction of IV lipid emulsion
0.5e1 g/kg/d, gradually increasing to 2e3 g/kg/d, and (4)
increasing enteral feeding rather than PN (Table 6).
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